Mediterranean Sea, commonly not exceeding 12 cm in total length (Hureau and Litvinenko 1986) . In the eastern Mediterranean it is considered a rare species (Filiz et al. 2010) , reported from the Aegean Sea, Israeli waters (Papaconstantinou 1988 , Golani 2005 , and recently also Turkey (Keskin and Eryilmaz 2008, Filiz et al. 2010 ). In the western Mediterranean S. loppei seems to be more abundant and has been reported as a usual component of demersal assemblages in areas such as the Gulf of Lions and the Catalan coasts (Gaertner et al. 1999 , Demestre et al. 2000 , and as a by-catch of the bottom trawl fleet from the Balearic Islands (Merella et al. 1997) .
The presently reported study was intended to be the first major contribution on the main biology traits of S. loppei. Particularly, we focused on age and growth, feeding habits, bathymetric distribution, and habitat preferences of this fish.
MATERIAL AND METHODS
Trawl sampling. The data used in this study was collected during the series of BALAR (2005 BALAR ( -2006 and MEDITS (2007 MEDITS ( -2010 annual bottom trawl surveys carried out during spring-early summer (May through June). In all, 323 hauls covering the continental shelf and the slope off the Balearic Islands (western Mediterranean) from 38 to 750 m depth ( Fig. 1) were analysed. The sampling design and gear used (GOC73) were the same for both series of surveys, and were those commonly used throughout the Mediterranean within the MEDITS Programme since 1994 (Bertrand et al. 2002) .
The hauls were conducted during daylight hours and had a duration that ranged from 20 minutes on the shelf to 60 minutes on the slope. The average towing speed was ≈1.54 m · s -1 (3 knots). The arrival and departure of the net to the bottom, as well as the horizontal and vertical gaps (on average 16.4 and 2.8 m, respectively), were measured using a SCANMAR system. Depth and position were recorded every five min.
Biological sampling. A total of 175 individuals of S. loppei (Fig. 2) , caught during the surveys, were retained for biological studies. For each individual, the total length (TL, to the nearest mm), total and eviscerated weight (to the nearest 0.01 g), sex, and gonad weight (to the nearest 0.01 g) were recorded. Female gonads were observed macroscopically and under a binocular microscope and assigned to a maturity stage according to the scale described in Brown-Peterson et al. (2011) . Stomachs were preserved in plastic vials containing 96% alcohol solution for a subsequent food content analysis (see below). The sagittal otoliths of all specimens were also removed, cleaned, and stored dry. In total, 175 individuals of S. loppei were sampled.
Biological indexes and parameters. Length frequency distributions by sex were created. The Chi-square test was used to test for differences from 1 : 1 in the sex-ratio by size class and for the whole population. The gonadosomatic index (GSI) was calculated as follows: GSI = 100 · GW · EW -1 , where GW and EW are gonad weight and eviscerated weight, respectively. The relation between GSI and individual total length was studied by means of linear regression. Length-weight relations of all individuals and by sex were established by fitting a power regression, W = a · TL b , where W is the individual total weight in g, TL is the total length in cm, a is the intercept and b is the allometric constant. The 95% confidence intervals of the b parameter were calculated by using the regression analysis tool included in EXCEL, and it were used to assess the allometry of the increase in weight (confidence intervals lower/higher or including 3 indicate negative/positive allometry, or isometric growth, respectively). Analysis of covariance (ANCOVA) was applied to test for differences in the length-weight relations between males and females. Previously to the application of ANCOVA both W and TL were log-transformed in order to obtain linear relations. Age and growth. The sagittal otoliths were immersed in a 50% mixture of glycerol and alcohol. The number of translucent rings was counted with a compound microscope using reflected light. The increment periodicity of the rings could not be validated, because the individuals sampled in the frames of this study were all collected during spring-early summer, and hence the marginal increment evolution throughout the year could not be analyzed. Assigning individual fish to respective age classes, we assumed that the growth pattern of the otoliths in S. loppei was similar to that of the other known Mediterranean scorpaenids and that the combination of the opaque-and the adjacent translucent zone were deposited yearly (Massutí et al. 2000 , La Mesa et al. 2010 . We took into account the number of rings, the date of capture, the ring formation period and the spawning season in the area (Morales-Nin 1992). The von Bertalanffy growth
where L t is the total length at age t, L ∞ is the asymptotic length, k is the instantaneous growth coefficient, and t 0 is the hypothetical age at which length is equal to zero, was fitted to the observed length-at-age data by using nonlinear regression procedures in the INBIO R package. The growth performance index (Φ = 2 log L ∞ + log k) (Munro and Pauly 1983) was used to compare the growth between sexes.
The only aged 0 recruit sampled in the present work was validated. The sagittal otoliths of this individual were mounted in thermoplastic cement (Buehler © ) on standard glass microscope slides and ground until a longitudinal post-rostrum to the tip of the rostrum transversal section was reached. They were polished with 0.05 µm alumina paste and the microincrements were counted under a light microscope at 630× magnification. Counting the microincrements we assumed that they were deposited daily (Massutí et al. 2000 , La Mesa et al. 2010 .
Diet. Dietary habits of S. loppei were studied based on the stomach content of 150 individuals examined under a stereomicroscope. Identifiable remains such as otoliths and other hard parts including carapace fragments and claws from crustaceans were used to determine preys at species level. Sample size sufficiency was evaluated by applying a cumulative curve to the number of prey types appeared in the stomachs analyzed (Ferry and Cailliet 1996) . In order to assess whether the curve reached an asymptote, the linear and the logistic regressions were calculated and their goodness of fit coefficient R 2 were compared. The sample size was considered sufficient when R 2 from the logistic curve was higher than R 2 from the linear regression (Fanelli and Cartes 2010) .
The contribution of each prey type to the diet was described calculating its relative abundance in terms of number of individuals (%n), and the frequency of occurrence (%F). Niche breadth was calculated using the Levins' standardized index (Ecological methodology software version 7.0; Krebs 1999) . In order to minimize problems derived from different states of prey digestion, the index was calculated using both %n and %F. This index ranges from 0 to 1, low values indicating a specialized feeding strategy, whereas high ones indicate a generalist diet. The vacuity index (percentage of empty stomachs, v) was also calculated.
Distribution. The abundance of S. loppei was standardised to 1 km 2 by using the distance covered and the horizontal opening in each haul. Since it has been observed that species typically show unimodal (bellshaped) response curves with respect to environmental variables (Whittaker 1956 ), generalized linear model (GLM) and linear regression were applied to model the distribution of S. loppei along the depth gradient. The GLM used was a log-linear model, in which the linear predictor is a quadratic polynomial of the environmental variable. This model is precisely the "Gaussian" response curve that has been put forward as an ideal for species responses along an environmental gradient (Ter Braak 1986) . The response type (unimodal or linear) was chosen on the basis of the lowest value of the Akaike's information criterion (AIC), used as a measure of the parsimony of each regression model (Ter Braak and Smilauer 2002) .
A bubble map was used to represent the geographic distribution of the abundance of S. loppei around the Balearic Islands. In this map the size of the "bubbles" is proportional to the standardized abundance of the species.
RESULTS
Biological indexes and parameters. The length of the specimens sampled ranged from 5.5 to 12.8 cm in total length, with a mode at 9 cm (Fig. 3) . Females predominated from 5 to 9 cm, showing significant deviations from a 1 : 1 sex-ratio in size classes 8 and 9 (Chi-square: 10.7 and 5.2; and P < 0.01 and 0.05, respectively), whereas males predominated from 10 to 12 cm, with significant deviations from a 1 : 1 sex-ratio in size classes 11 and 12 (Chi-square: 23.4 and 6.0; and P < 0.01 and 0.05, respectively). The sampled population was composed of 85 females and 90 males. Sex-ratio for the whole population did not differ from 1 : 1 (Chi-square: 0.1; P = 0.7).
All females sampled represented either a developingor a spawning capable phase (20 and 65 individuals respectively). GSI in the developing and spawning capable maturity stages averaged 3.3 ± 0.3 and 6.8 ± 0.4 respectively, whereas the average GSI of all females was 6.0 ± 0.3. No relation was found between individual size and GSI (Fig. 4) .
The length-weight relations did not show significant differences among sexes, and a power regression was fitted to the whole population (Table 1) . Growth in weight was isometric (coefficient b not significantly different from 3) for females, males, and the whole population (95% confidence intervals for the value of b: 2.9-3.3, 2.9-3.3, and 2.9-3.2; for females, males, and the whole population, respectively).
Age and growth. The annulation pattern of otoliths of S. loppei consisted of an opaque nucleus surrounded by translucent zones alternated with opaque ones, whose thickness gradually decreased towards the edge of the otolith (Fig. 5a ). The ages of S. loppei ranged from 0 to 5 years with predominance of age classes 2 and 3 (61% of individuals), and 3 and 4 (67 %) for females and males, respectively ( Table 2) .
The results of the von Bertalanffy growth model fitted to the age and length data are summarized in Fig. 6 . The growth performance index Φ was higher in males (1.88) than females (1.80), whereas its value for the whole population was 1.81.
Counting of microincrements could only be possible for the only aged 0 individual appeared in the samples, which was the smallest one, a female of 55 mm in total length caught on 12 June. The sagittal otoliths of this individual showed an opaque nucleus surrounded by a well developed less opaque zone reaching the margin (Fig. 5a ). For larger individuals the detection of microincrements was not possible or only in small areas close to the nucleus. Microincrements showed the typical pattern of light and dark alternated increments, assumed to represent daily otolith rings (Fig. 5b) . The age estimate for the individual analysed was 249 days, hence validating the age 0, and resulting in an approximated date of birth eight months and 11 days before, during the last days of September.
Diet. Forty-eight out of the 150 stomachs analysed were empty (v = 32%). Evidence of regurgitation was n = number of individuals; a = intercept; b = allometric constant; R 2 = coefficient of determination. never observed in any fish. The asymptotic trend of the cumulative prey curve indicated that a sufficient sample size was used to describe the diet composition of S. loppei (Fig. 7) . R 2 from the logistic curve was higher than R 2 from the linear regression (R 2 log = 0.97 versus R 2 lin = 0.94). A total of 26 different prey items representing 3 major taxonomic groups (crustaceans, teleost fishes, and polychaetes) were identified (Table 3) . In general, all the stomach contents were highly digested making difficult the identification of preys at species level. Mysids and decapod crustaceans were the most important preys consumed in terms of both numerical composition (42.9% and 26.4%) and frequency of occurrence (36.3% and 42.16%), respectively. In terms of prey species, within mysids, the suprabenthonic species Gastrosaccus sp. and Siriella norvegica were the most important ones. Alpheus glaber, Processa sp. and Plessionika sp. were the typical natantian prey items. Less abundant crustaceans included isopods (Natatolana borealis), brachyurans (Goneplax rhomboides), and amphipods. S. loppei was found to be secondarily piscivorous with fish representing 17.2% of the total prey consumed. The less important taxonomic group were polychates occurring in 6.9% of the stomachs examined (Table 3 ). The Levins' standardized values in terms of numerical composition and frequency of occurrence of preys were 0.18 and 0.28, respectively, indicating a specialized diet.
Distribution. S. loppei appeared in samples from 93 to 180 m depth. Within this range the species occurred in Biology, feeding, and distribution of Cadenat's rockfish 25 TL = total length, SD = standard deviation, n = number of individuals. The bathymetric distribution of S. loppei was best fitted to a unimodal response curve (AIC = 10552) than to a linear regression (AIC = 21047). The model was highly significant (P < 0.001) and showed an optimum depth value of 145 m (Fig. 8) . S. loppei showed the highest abundances in the deep shelf of the Menorca Channel where it appeared almost in all hauls. It also appeared in east Menorca, and south Mallorca, and, at the lowest abundances, in west and east Mallorca (Fig. 9) .
DISCUSSION
To our knowledge, the present work is the first study of the biology of the Cadenat's rockfish, Scorpaena loppei, which, although commonly present in the demersal assemblages of the western Mediterranean (Gaertner et al. 1999 , Demestre et al. 2000 , was the only Scorpaena species in the area whose biology remained almost unknown.
The otoliths of S. loppei closely resembled those observed in other scorpaenid species, with an alternation of translucent and opaque zones around an opaque nucleus (Massutí et al. 2000 , La Mesa et al. 2005 %n = relative abundance in terms of number of individuals, %F = frequency of occurrence. ). Females showed a lower growth performance index than males. Similarly to the congeneric species Madeira rockfish, S. maderensis; and small red scorpionfish, S. notata; whose males grow faster than females, the population structure of S. loppei showed a predominance of females at the smaller sizes whereas males predominated among large individuals. S. loppei showed an L ∞ , of 12.11 cm indicating that this species, along with S. maderensis which presents an L ∞ of 12.9 cm (La Mesa et al. 2005) are most likely to be the smallest Scorpaena species in the Mediterranean. All females sampled in the present work were in a developing-or spawning-capable maturity stages. The mean GSI value of S. loppei females (6.0 ± 0.3) was similar to that reported for other Scorpaena species during their reproduction period (GSI≈5 for both S. notata and S. porcus; see: Bradai and Bouain 1991 , Muñoz et al. 2005 ). Taking into account the values of the GSI and the estimated date of birth of the validated age 0 individual (during September), the reproduction period of S. loppei should occur during late spring-summer , similarly to other Scorpaena species in the area (Bradai and Bouain 1991 , Muñoz et al. 2005 ). Both, the maturity stage and the lack of relation between GSI and individual total length indicated that all females, including the smallest ones and even the age 0 recruits, such as that sampled in the present work (GSI = 6.1), were probably ready for reproduction in their first year of life. Exploitation reduces population size by removing the older and larger individuals, increasing the food availability for the remaining ones that can acquire at a younger age (and smaller size) the necessary nutrition to support gonadal maturation (Trippel 1995) . This could be an explanation of such an early maturity in S. loppei, however, a highly specialized feeding and habitat preferences (see below), could also favour early maturity due to low interspecific competition and a high availability of food.
The preys found in the stomach contents of S. loppei presented a high level of digestion, indirectly indicating that it is during the night when the feeding activity is more intense. Scorpaena is a genus composed of species with a generalized and opportunistic feeding strategy (Harmelin-Vivien et al. 1989 , La Mesa et al. 2007 , whose typical prey items irrespective of species, biotope or geographic zone considered are decapod crustaceans (Harmelin-Vivien et al. 1989 ). This seems not to be the case of S. loppei which showed a specialized feeding strategy with a diet based on crustaceans, which are also the main prey of the rest of small scorpion fish species such as S. porcus, S. notata, and S. maderensis (see: HarmelinVivien et al. 1989 , Morte et al. 2001 , La Mesa et al. 2007 ), but with mysids and decapods crustaceans showing a similar importance. These differences in feeding strategy and diet composition might be related to the different bathymetric distribution and habitat preferences of S. loppei as compared to the rest of Scorpaena species. According to La Mesa et al. (2007) the close resemblance in feeding habits of S. maderensis, S. notata, and S. porcus is probably due to their similar body size and habitat preferences. Moreover, the depth ranges of the coastal scorpion fish species, S. maderensis, S. notata, S. porcus, and S. scrofa are overlapped, and most descriptions of their diets have been done from coastal samples within the 4 to 100 m depth range (Harmelin-Vivien et al. 1989 , Arcuelo et al. 1993 , La Mesa et al. 2007 ). In contrast, S. loppei seems to be restricted to sandy-mud bottoms, which in the Balearic Islands, due to its particular oceanographic scenario (absence of terrigenous sediments and high oligotrophy) and the low coefficients of light attenuation (Ballesteros and Zabala 1993) , start to appear below 90-100 m depth, which is the deepest limit of the facies with red algae that predominates on the coastal continental shelf off the Archipelago below 50 m depth (Ballesteros 1994, Ordines and ). In fact, the only station shallower than 100 m where S. loppei was present is located at 93 m depth Biology, feeding, and distribution of Cadenat's rockfish 27 in the south-east area off Mallorca right beside the edge of the Emile Baudot Scarpe, the most pronounced slope in the area of study, and is characterised by the coincidence of typifying species of both the coastal continental shelf red algae facies and the deep shelf sandy-mud bottoms (unpublished data). Mysids are rare or of low importance in the rest of coastal scorpion fish species (Harmelin-Vivien et al. 1989 , Arcuelo et al. 1993 , Morte et al. 2001 , La Mesa et al. 2007 ). However, other species inhabiting a similar habitat and bathymetric range to that of S. loppei such as the spotted flounder Citharus linguatula (L.) also have mysids as one of the most important preys (Carpentieri et al. 2010) . Hence, the different habitat preferences of S. loppei as compared to coastal scorpion fish species could be a strategy to avoid competition for food with co-generics, ultimately involving a change in the main preys due to differences in their availability in different habitats.
The highest abundances of S. loppei were recorded in the Menorca Channel, east of Menorca and south of Mallorca, which are areas characterised by sandy-mud bottoms and the presence of crinoid beds, which in the study area show the highest biomass of macro-epibenthic species and high abundances of demersal resources ). In the Mediterranean these beds are considered to be indicators of highly productive areas of the deep shelf and shelf break that sustain large biomasses of benthopelagic fish (Colloca et al. 2004) . Similarly to the coastal small scorpenid species which have been linked to structurally complex vegetated bottoms (Edgar and Shaw 1995 ), S. loppei seems to prefer the most structurally complex bottoms on the deep shelf, which in the area of study are represented by crinoid beds with high abundance of macro-epibenthic species.
The Cadenat's rockfish showed highly specialised habitat requirements in comparison with the rest of coastal co-generic species inhabiting the area, probably being the only small scorpion fish species adapted to live on deep shelf sandy-mud bottoms. The habitat requirements, along with the specialised feeding habits shown by S. loppei could have reduced interspecific competition, facilitating feeding and growth and allowing an early achievement of sexual maturity.
